Paraoerskovia sediminicola sp. nov., an actinobacterium isolated from sea sediment, and emended description of the genus Paraoerskovia ). An emended description of the genus Paraoerskovia is also proposed.
The genus Paraoerskovia was proposed by Khan et al. (2009) with a single species, Paraoerskovia marina, isolated from a marine sediment sample. The single member of this genus had peptidoglycan type A4a with lysine as the diagnostic diamino acid and the predominant menaquinone and major fatty acid were MK-9(H 4 ) and anteiso-C 15 : 0 , respectively. Around the same time, the genus Koreibacter was proposed by Lee & Lee (2010) with a single species, Koreibacter algae, isolated from a seaweed sample. Major phenotypic characteristics of this organism correspond to those of the genus Paraoerskovia, and the 16S rRNA gene sequence similarity between P. marina CCT 37 T and K. algae DSW-2 T is 100 %. Therefore, a polyphasic recharacterization of both type strains was performed, and it was proposed that K. algae should be reclassified as a later heterotypic synonym of P. marina (Schumann et al., 2013) . A novel actinobacterium was isolated from a sea sediment sample collected from Kamogawa beach, Chiba, Japan. Comparative 16S rRNA gene sequence analysis revealed that the isolate was phylogenetically related to the genus Paraoerskovia. The objective of this study was to determine the taxonomic position of the isolate by using a polyphasic approach.
The procedure employed for bacterial isolation was as described by Hamada et al. (2012) . NBRC medium 802 (1.0 % polypeptone, 0.2 % yeast extract, 0.1 % MgSO 4 ?7H 2 O and 1.5 % agar if required; pH 7.0) was used as basal medium for this study. Biomass for molecular systematic and chemotaxonomic studies, except for cellular fatty acid analysis, was obtained by culturing the strain in shake flasks for 48 h at 28 u C at 100 r.p.m. P. marina NBRC 104253
T was used as a reference strain in this study.
Colony appearance was examined after incubation at 28 u C for 3 days on an agar plate of NBRC medium 802. Morphological features were observed depending on the age (up to 5 days) under a light microscope (BX-51; Olympus) and a scanning electron microscope (JSM-6060; JEOL). The temperature range and optimum temperature for growth were determined by incubating the cultures at 5, 10, 15, 20, 25, 28, 30, 35, 37 and 45 u C on agar plates of NBRC medium 802 after 3 days of incubation. Growth at 5 and 10 u C was evaluated after 7 days of incubation. Cell motility, growth parameters (pH and NaCl tolerance), anaerobic growth, Gram staining and oxidase activity were determined using the methods described by Hamada et al. (2010) . Catalase activity was determined by production of bubbles after the addition of a drop of 3.0 % H 2 O 2 . Other physiological and biochemical tests were performed using API ZYM, API Coryne and API 50CH systems (bioMérieux) according to the manufacturer's instructions.
Strain H25-14 T formed yellow, circular, smooth and dry colonies that were approximately 1.0-2.0 mm in diameter for 3 days cultivation. Cells of the strain were Gram-stainpositive, facultatively anaerobic, non-motile and nonspore-forming. The strain developed vegetative hyphae (0.4-0.665-20 mm) in the early phase of growth, but these hyphae eventually fragmented into coccoid cells (approx. 0.5-0.6 mm in diameter) (Fig. 1 ). Morphological features of P. marina NBRC 104253
T were similar to those of strain H25-14 T (Fig. S1 ). The strain was also catalase-positive and oxidase-negative. Growth of the strain occurred at 10-30 u C; no growth was observed at 5, 35, 37 or 45 u C. The pH range for growth was 6.0-10.0. Optimal growth was noted at 28 u C and pH 7.0-8.0. The strain exhibited good growth with NaCl concentrations of 0-7 % and moderate growth with 10 % NaCl; no growth was observed with 15 % NaCl. The results of other physiological and biochemical analyses are summarized in the species description below.
Genomic DNA was isolated and purified using a DNeasy Blood & Tissue kit (Qiagen) according to the manufacturer's instruction. PCR amplification and 16S rRNA gene sequencing of strain H25-14 T were performed as described previously (Hamada et al., 2010) . The phylogenetic neighbours were identified, and pairwise 16S rRNA gene sequence similarities were calculated using the EzTaxon-e server (Kim et al., 2012) . The almost-complete 16S rRNA gene sequence determined in this study (1477 nt) was aligned with reference sequences from the genus Paraoerskovia and some related taxa by using the CLUSTAL_X program (Thompson et al., 1997) . Phylogenetic trees were constructed by the neighbourjoining (NJ), maximum-likelihood (ML) and maximumparsimony (MP) algorithms by using the MEGA 5.0 program (Tamura et al., 2011) . A total of 1363 nt present in all strains was used for tree constructions. The resultant tree topologies were evaluated by bootstrap analysis (Felsenstein, 1985) on the basis of 1000 replicates.
Phylogenetic analysis based on the 16S rRNA gene sequences revealed that strain H25-14 T was closely related to the genus Paraoerskovia. The highest similarity value was observed with the type strain of P. marina (98.3 %), followed by the type strains of Oerskovia species (95.8-96.0 %), Sanguibacter species (94.9-96.0 %), Promicromonospora flava (95.6 %) and Cellulosimicrobium cellulans (95.6 %). In the NJ tree, strain H25-14 T and the type strain of P. marina formed a monophyletic cluster with a bootstrap resampling value of 100 % ( Fig. 2 ). This cluster was also recovered in the trees generated by the ML and MP algorithms.
Amino acids and peptides in the peptidoglycan hydrolysate were analysed by two-dimensional TLC on cellulose plates and amino acid derivatives were analysed by GC-MS (320 Singlequad; Varian) according to the methods of Schumann (2011) . The N-terminal amino acid of the interpeptide bridge was determined by dinitrophenylation as described by Schumann (2011) . Amino acid isomers in peptidoglycan hydrolysates were analysed as described previously (Hamada et al., 2012) . Cell-wall sugars were analysed as 1-phenyl-3-methyl-5-pyrazolone (PMP) derivative of the cell-wall hydrolysate (0.5 M H 2 SO 4 , 16 h at 100 u C), which was prepared according to the method described by Honda et al. (1989) and Yang et al. (2005) . The PMP-labelled hydrolysate was analysed using LC-MS (LCMS-2020 and LC-20AB; Shimadzu). The polar lipids were analysed as described by Hamada et al. (2010) , with the following chromatographic systems: chloroform-methanol-water (65 : 25 : 4, by vol.) used in the first direction and chloroform-acetic acid-methanol-water (80 : 18 : 12 : 5, by vol.) in the second direction. For fatty acid analysis, strain H25-14 T and P. marina NBRC 104253 T were grown on tryptic soy agar (Difco) for 24 h at 28 u C. Because the growth rates of both strains were similar, it can be assumed that the strains were in comparable growth phases. The preparation and analysis of cellular fatty acid methyl ester were performed using the protocol of the MIDI Sherlock Microbial Identification System (Sasser, 1990) and GC (6890N; Agilent Technologies) with Sherlock MIDI software (version 4.0) and the TSBA database (version 4.0). Isoprenoid quinones and DNA G+C content were analysed by the methods outlined by Hamada et al. (2010) .
After subjecting the peptidoglycan to a HF treatment (Schumann, 2011) its hydrolysate (4 M HCl, 16 h at 100 u C) contained alanine (Ala), aspartic acid (Asp), glutamic acid (Glu), glycine (Gly) and lysine (Lys) in molar ratio of 2.0 : 1.9 : 1.0 : 1.1 : 0.8. Asp and a smaller of the peptidoglycan. These data suggested that the cellwall peptidoglycan of strain H25-14 T is of the A4a type (Schleifer & Kandler, 1972) with an interpeptide bridge comprising Gly-D-Asp-D-Asp. However, the number of Asp residues (one or two) in the interpeptide bridge may be disputable because no evidence for D-Asp-D-Asp peptides was obtained and interpeptide bridges with two carboxylic amino acid residues are rather rare (Bogdanovsky et al., 1971; Schumann, 2011) . Meanwhile, the peptidoglycan sample of P. marina NBRC 104352 T contained Ala, Glu, Ser and Lys in molar ratio of 2.0 : 2.0 : 1.1 : 0.7, and enantiomeric analysis revealed the presence of D-Ala, LAla, D-Glu, L-Ser and L-Lys. These data confirmed that the peptidoglycan of P. marina is of A4a type with an interpeptide bridge comprising L-Ser-D-Glu as described previously (Khan et al., 2009; Schumann et al., 2013) . Trace amount of galactose was detected as the cell-wall sugar in strain H25-24 T . The predominant menaquinone was MK-9(H 4 ); MK-9(H 6 ) was present as a minor component. The major cellular fatty acids were anteiso-C 15 : 0 (59.1 %) and iso-C 15 : 0 (12.9 %) ( Table S1 ). The principal polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and two phosphatidylinositol mannosides, along with minor or trace amounts of three unidentified polar lipids (Fig. S2) . The DNA G+C content was 73.2 mol%.
The microplate hybridization method developed by Ezaki et al. (1988 Ezaki et al. ( , 1989 ) was used to determine DNA-DNA relatedness. DNA-DNA hybridizations were performed using five replications. After the highest and lowest values for each sample were excluded, the mean was reported as the DNA-DNA relatedness value. The hybridization temperature was 55 uC, in the presence of 50 % formamide. The DNA-DNA relatedness value between strain H25-14 T and P. marina NBRC 104352 T was 14.1 % (reciprocal reaction, 15.7 %). This value is well below the 70 % cut-off point of DNA relatedness, which is a criterion for the assignment of bacterial strains to the same genomic species (Wayne et al., 1987) .
The result of the phylogenetic analysis based on the 16S rRNA gene sequences suggested that strain H25-14 T belonged to the genus Paraoerskovia, and its chemotaxonomic characteristics also corresponded to those of the genus. However, the interpeptide bridge of the cell-wall peptidoglycan of strain H25-14 T differed from that of P. marina. The interpeptide bridge of strain H25-14 T comprised Gly-D-Asp 2 , whereas that of P. marina comprised L-Ser-D-Glu. Furthermore, the DNA-DNA relatedness between strain H25-14 T and P. marina NBRC 104352 T was very low, and the results of the physiological and biochemical tests enabled strain H25-14 T to be distinguished from P. marina (Table 1) . Therefore, it is proposed that strain H25-14 T be classified as a representative of novel species of the genus Paraoerskovia. In addition, the description of the genus Paraoerskovia Khan et al. 2009 emend. Schumann et al. 2013 should be emended to reflect the morphological feature, the variations in peptidoglycan structure and cellular fatty acid profile. Khan et al. 2009 emend. Schumann et al. 2013 The description is as given by Schumann et al. (2013) with the following modifications. Cells develop vegetative hyphae in the early phase of growth, but eventually fragment into short-rods to coccoid cells. The cell-wall peptidoglycan is of A4a type; the interpeptide bridge consists of either L-Ser-D-Glu or Gly-D-Asp 2 . The major cellular fatty acids consist of iso-or anteiso-branched and straight-chain fatty acids with anteiso-C 15 : 0 as major component.
Emended description of the genus Paraoerskovia
Description of Paraoerskovia sediminicola sp. nov.
Paraoerskovia sediminicola (se.di.mi.ni.co9la. L. n. sedimen, -inis sediment; L. suff. -cola inhabitant, dweller; N.L. n. sediminicola sediment-dweller, referring to the source of the type strain).
Cells are Gram-stain-positive, facultatively anaerobic, nonmotile and non-spore-forming, and develop vegetative hyphae (0.4-0.665-20 mm) in the early phase of growth, but eventually fragment into coccoid cells (approx. 0.5-0.6 mm in diameter). Colonies are yellow, circular, smooth and dry. Catalase-positive and oxidase-negative. The temperature range for growth is 10-30 u C, and the optimal temperature is 28 u C. The pH range for growth is 6.0-10.0, and the optimal pH is 7.0. Growth occurs in NaCl concentrations of 0-10 %. Acid is produced from Nacetylglucosamine, amygdalin, L-arabinose, arbutin, cellobiose, D-fructose, D-galactose, gentiobiose, gluconate, Dglucose, glycerol, glycogen, D-lactose, maltose, D-mannose, melibiose, methyl a-D-glucopyranoside, D-ribose, salicin, starch, sucrose, trehalose, turanose and D-xylose. Acid phosphatase, esterase (C4), b-galactosidase, leucine arylamidase, phosphohydrolase, pyrazinamidase, pyrrolidonyl arylamidase are present, whereas alkaline phosphatase, Nacetyl-b-glucosaminidase, chymotrypsin, cysteine arylamidase, esterase lipase (C8), a-fucosidase, a-galactosidase, aglucosidase, b-glucosidase, b-glucuronidase, lipase (C14), amannosidase, trypsin, urease and valine arylamidase are absent. Aesculin is hydrolysed, but gelatin is not. Nitrate is reduced. The peptidoglycan is of the A4a type with an interpeptide bridge comprising Gly-D-Asp 2 . The cell-wall sugar is galactose. The predominant menaquinone is MK-9(H 4 ); MK-9(H 6 ) is a minor component. The major cellular fatty acids are anteiso-C 15 : 0 and iso-C 15 : 0 , followed by C 16 : 0 and anteiso-C 17 : 0 . The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides.
The type strain is H25-14 T (5NBRC 108565 T 5DSM 25477 T ), isolated from a sea sediment sample from Kamogawa beach, Chiba, Japan. The DNA G+C content of the type strain is 73.2 mol%.
